A Agtll recombinant library of Chlamydia trachomatis serovar L2 chromosomal DNA was screened with a 29-mer synthetic oligonucleotide specific to the N-terminal amino acids of a predominant 18-kDa chlamydial protein. (11, 23) , they are placed in a distinct order, Chlamydiales (18).
Chiamydia trachomatis, an obligate intracellular parasite of eukaryotic cells, is responsible for a wide spectrum of human diseases, including trachoma and sexually transmitted diseases (16) . It possesses a unique and complex developmental cycle involving two distinct forms: extracellular, infectious elementary bodies (EB) and intracellular, noninfectious reticulate bodies. Following attachment and internalization, EB transform into metabolically active reticulate bodies, which divide by binary fission and switch back into the EB form late in the life cycle (22) . Marked ultrastructural and metabolic changes occur during the transition between the two developmental forms. Because chlamydiae are not closely related to any other eubacterium, as demonstrated by 16S rRNA sequences (11, 23) , they are placed in a distinct order, Chlamydiales (18) .
The presence of a condensed, discrete, and electron-dense nucleoid in EB is a notable feature, unique among members of the family Eubacteriaceae (2). Wagar and Stephens reported three DNA-binding proteins with molecular masses of 58, 25, and 17 kDa specific to the EB form of chlamydiae (21) . Nucleoproteins that are involved in DNA compaction and transcriptional regulation have been identified among prokaryotes (3, 13) . These nucleoproteins share biochemical properties, such as DNA packaging, charge, and low molecular weights, with eukaryotic histones. All higher organisms contain small, basic DNA-binding proteins called histones which are conserved in their primary structure (10) .
We report here the cloning and sequencing of an developmentally regulated protein-encoding gene from C.
fection with recombinant M13mpl8/19 (26) , and JM83 for transformation with vector pUC (26) . The plasmids used were pUC18 and pUC19 (19) . E. coli was grown routinely in 2x YT medium (1.6% tryptone, 1% yeast extract, 0.5% sodium chloride), and cells harboring plasmids were grown in 100 pLg of ampicillin per ml.
DNA isolation and manipulations. Chromosomal DNAs from C. trachomatis serovars L2, D, J, and K and C. psittaci Mn were prepared as described earlier (6, 24) . Standard recombinant DNA techniques were used for nucleic acid preparation and analysis (8) . Chromosomal DNA from serovar L2 was digested with EcoRI and then shotgun ligated into EcoRI-digested alkaline phosphatase-treated phage Xgtll DNA. The ligated DNA was packaged by using the Boehringer Mannheim packaging kit. Phage were plated and amplified in E. coli Y1090. Southern blotting of EcoRIdigested C. trachomatis DNA and endonuclease restriction mapping of the Xgtll insert were performed by standard procedures. Plaques showing positive reactions were picked, plated at low density, and reassayed with a synthetic oligonucleotide probe. The process was repeated until all plaques were reactive. Hybridization at either high (50% formamide at 37°C) or low (20% formamide at 37°C) stringency, followed by washing at 70 or 37°C, respectively, was carried out essentially as described earlier (6) . Radioactive DNA probes were labeled by nick translation or 5'-end labeling (9) .
Amino acid sequence determination. Whole serovar L2 EB cell lysates were resolved by sodium dodecyl sulfate-15% polyacrylamide gel electrophoresis. The resolved polypeptides were then transferred electrophoretically onto Immobilon, stained with Coomassie brilliant blue, and destained. Protein strips corresponding to regions of interest were excised with a razor blade and used as a source of protein for amino acid sequencing as described by Matsudaira (9) . One group of bands excised was in the 18-kDa region, since one polypeptide in this molecular mass range has been identified as a major eukaryotic cell-binding protein (25) . The protein characterized in this study represents the predominant, noneukaryotic cell-binding polypeptide in the 18-kDa range. Protein sequencing was performed by automated Edman degradation at two centers: the protein sequencing facility at the University of Victoria and the protein DNA synthesis facility at the University of Wisconsin Biotechnology Center. The two centers reported the same amino acid sequence, which was used as the basis for construction of an oligonucleotide probe.
Synthetic oligonucleotides. Single-stranded oligonucleotide primers were synthesized by using an Applied Biosystems Inc. (Mississauga, Ontario, Canada) 381A DNA synthesizer at the DNA synthesis facility, Department of Microbiology, University of Alberta. The synthetic oligonucleotide used for identification of gene clones was the 29-mer 5' AAAGA XAC(AX)GC(AX)AAAAAAATGAC(AX)GA 3t, in which X indicates bromodeoxyuridine. Its construction was based on the N-terminal amino acid sequence of the 18-kDa protein.
Nucleotide sequence determination. The nucleotide sequences of both strands of the 2.6-kb EcoRI fragment of plasmid pCTH1 were determined by the dideoxynucleotide chain termination method (15) Plasmid-directed protein synthesis. In vitro transcriptiontranslation studies were carried out with 2 ,ug of recombinant or vector DNA by the protocol supplied by the manufacturer of the kit used (Amersham Inc., Oakville, Ontario, Canada).
Labeled proteins were resolved by sodium dodecyl sulfatepolyacrylamide gel electrophoresis on 12.5% acrylamide, followed by fluorography and examination by autoradiography.
RNA isolation and Northern blotting. Total RNA was isolated by a hot-phenol extraction procedure from infected HeLa cells at various intervals postinfection as described earlier (5) . RNA was fractionated on 1.5% agarose gels in the presence of dimethyl sulfoxide and glyoxal, and a ladder of small RNA species (Bethesda Research Laboratories, Burlington, Ontario, Canada) was used to provide markers for accurate size calibration. Northern blotting on diazobenzyloxymethyl-paper was carried out as described earlier (5).
Nucleotide sequence accession number. The nucleotide sequence reported here has been submitted to EMBL and assigned accession no. X57311.
RESULTS
Cloning of an 18-kDa eukaryotic histone Hl-like proteinencoding gene from C. trachomatis. A partial N-terminal amino acid sequence of the 18-kDa eukaryotic histone Hi-like protein from C. trachomatis was obtained by analyzing approximately 50 pmol of excised protein. The sequence ALKDTAKKMTDLLESIQQNLL was used to design a 29-mer oligonucleotide probe. The degeneracy of the oligonucleotide was minimized by choosing the stretch of amino acids (KDTAKKMTD) with minimal degeneracy in their codons and by incorporation of bromodeoxyuridine to optimize the hybridization conditions. Southern blot analysis of total genomic DNA isolated from C. trachomatis was performed by using a 32P-labeled 29-mer oligonucleotide probe. A single radioactive band was identified when hybridization was carried out with 20% formamide at 37°C, followed by washings at 37°C. The size of this band was determined to be approximately 2.6 kb. Higher formamide concentrations resulted in complete loss of any signal (data not shown).
A Xgtll library of C. trachomatis chromosomal DNA fragments was screened by hybridization to the 32P-labeled oligonucleotide under the conditions determined by Southern blot analysis of total genomic DNA. We recovered one strongly hybridizing recombinant clone in Agtll, designated Xgtll/L2/RKA10.
Characterization of Xgtll/L2/RKA10 insert DNA. Preparations of Xgtll/L2/RKA10 insert DNA were obtained from EcoRI digests and separated on agarose gels. The insert was estimated to be a 2.6-kb fragment. A restriction map of this EcoRI insert is shown in Fig. 1A . The relative size and orientation of the CTH1-coding region was determined by hybridization and DNA sequencing. This 2.6-kb EcoRI fragment was subcloned into pUC18 and designated pCTH1. DNA and protein sequence analysis of the CTHl-encoding gene. DNA sequence analysis of the 2.6-kb EcoRI fragment was completed by subcloning the restriction fragments and sequencing those regions. The sequence was also extended by preparing different primers and "walking" the cloned gene. Sequence discrepancies between complementary strands were resolved by resequencing these regions. A six-phase translation of the derived 2.6-kb nucleotide sequence by DNA Strider software revealed a total of three major ORFs, designated ORF1, ORF2, and ORF3 (Fig. 1A) . Compatison of the deduced amino acid sequence with the NBRF protein library data base with the FASTP program identified significant homology to Hi subtype histone proteins from different sources. The best alignment of amino acids of CTH1 to sea urchin Hi is shown in Fig. 2 . CTH1 shows nearly 74% homology (considering 38 perfectly matched residues and 45 conservative substitutions) over a length of 112 amino acids with painted sea urchin Hi histone protein. Surprisingly, the amino acitl identity between the two proteins is mostly limited to alanine and lysine.
Expression of pCTHl-and pCTH2-derived gene products. A 670-bp DraI fragment encoding ORF2 and designated pCTH2 was subcloned into pUC18. Recombinant plasmids pCTH1 and pCTH2 each encode a polypeptide with a molecular mass of approximately 18,000 in an E. coli-derived coupled transcription-translation system (Fig. 3) . The vector (pUC18) alone does not express a corresponding gene product.
Transcription pattern during the chlamydial growth cycle. To study the temporal regulation of CTH1-encoding gene transcription, RNA obtained at different times during the growth cycle was evaluated by Northern hybridization. The transcript was detected at 12 h postinfection with chlamydial EB. Increased amounts of the transcript were apparent through 36 h (Fig. 4) . However, no transcript was detected at 6 h postinfection (data not shown).
DISCUSSION
In this study, we describe the cloning, identification, and nucleotide sequencing of an 18-kDa protein from C. trachomatis that shows a high degree of similarity to sea urchin histone Hi protein. In eukaryotes, histones play an important role in nucleosome structure, as well as in the formation and maintenance of higher-order chromatin structure (10) . However, bacterial DNA-binding proteins that govern DNA folding are structurally unrelated to eukaryotic histones. Identification of eukaryotic histone Hi sequences among prokaryotes is uncommon. Recently, Kato et al. (4) (17) . The sequence distal to the ORF revealed a G+C-rich dyad with potential for forming a stem-and-loop structure, followed by a rho-independent terminator (14) . Wagar 
